INTRODUCTION
Chronic-inflammatory arthritis such as rheumatoid arthritis (RA) can lead to severe joint damage. Disease progress is determined by the time point of diagnosis, accompanied by early onset of therapy, by disease activity, genetic factors, and autoantibodies positivity. 1 In order to prevent structural damage, it is necessary to monitor treatment response in RA patients. Besides clinical and serological assessments, musculoskeletal ultrasound (US) is now an important tool in the diagnosis and monitoring of disease progress. US is suitable to measure both disease activity and structural damage. To justify the use of expensive medication such as biologics, it is essential to monitor treatment response. This can be accomplished by the measurement of disease activity in US, using grey-scale (GS) and power Doppler (PD) mode for synovitis and tenosynovitis. It is also possible to visualise certain bone lesions such as erosions, representing structural damage.
Furthermore, studies established the value of persistent synovitis in grey-scale US (GSUS) and power Doppler US (PDUS) in the prediction of bone erosions. 2 A predictive value in the development of erosions in early RA patients is also signified by tenosynovitis of the extensor carpi ulnaris tendon. 3 In order to measure RA progress, a semiquantitative US scoring system 'US7 score' was developed. This US score combines soft tissue changes (synovitis and tenosynovitis) and erosive bone lesions in seven preselected joints in one US scoring system. The selected joints give an effective reflection of the overall joint inflammatory activity. The first publication of US7 score data indicated its feasibility in daily rheumatologic practice, while focusing on a small number of joints and showed that this method is more sensitive than the clinical instrument DAS28 in the characterisation of inflammatory joint processes. 4 The aim of the present study was to reflect the sensitivity to change of the US7 score among a large cohort of RA patients under various therapies (disease modifying antirheumatic drugs (DMARDs) and/or biologics) and to analyse the effect of each therapeutic option over a period of 1 year. Another purpose of this study was to estimate predictors for the development of erosions after 1 year.
PATIENTS AND METHODS
From 2006 until 2010 a nationwide project recruited 54 centres with a total of 432 patients with RA according to American College of Rheumatology (ACR) criteria 1987. 5 All patients agreed by informed consents, and the study was approved by the ethical committee of University of Tubingen. Patients were examined by US (mean amount of patients: 8%) before and after change of treatment because of not achieving DAS28 remission (DAS28<2.6) at four visits (baseline, after 3, 6, and 12 months).
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Medication
The cohort was divided into four groups according to therapy: Group 1: first-line DMARD after new initiation (n=118; 27.3%), Group 2: therapy switch from DMARD to a second DMARD (n=108; 25.0%), Group 3: first-line biologic after DMARD therapy (n=153; 35.4%), Group 4: therapy switch from biologic to a second biologic (n=53; 12.3%).
Clinical assessment
The medical examination focused on the disease activity score in the 28 joints assessed to determine the DAS28.
Laboratory parameters
Laboratory parameters were determined at each visit to investigate systemic inflammation. C reactive protein (CRP) level (normal level ≤5 mg/l) and erythrocyte sedimentation rate (ESR; normal level ≤20 mm after 1 hour) were obtained at each visit. IgM-Rheumatoid factor (IgM-RF: normal level <20 U/l) and anti-citrullinated protein antibodies (ACPA: normal level <20 U/l) were assessed baseline.
US7 Score examination
Musculoskeletal ultrasonography of wrist, hands and forefoot was performed with a 10-18 MHz linear scanner and middle class to high-end machine US devices. Settings for GSUS: frequency: 16 MHz, length of scanner: 40-42 mm. The use of GSUS gain depended on joint regions and patients and was average 50%. Settings for PDUS: frequency: 9.1 MHz, pulse repetition frequency: 500-750 Hz (depending on machine setting), PDUS gain depended on joint regions and patients and was average 50%, wall filter was low for example,3, and had to be maintained throughout the study. The PDUS gain was not supposed to change within a joint panel of a patient during the examination. The exact same machine had to be used on every patient during the study time. The hand and forefoot which were more clinically affected by tenderness and/or swelling were chosen for US and were examined at four visits after onset of therapy or switch to actual therapy (DMARDs and/or biologic). This included the joints most likely to be affected by RA: wrist, metacarpophalangeal (MCP) II and III, proximal interphalangeal (PIP) II and III, metatarsophalangeal (MTP) II and V joints. These joints were evaluated for synovitis and tenosynovitis/paratenonitis and superficial bone erosions according to EULAR criteria 5 and Outcome measures in Rheumatology (OMERACT) definition 6 including GSUS and PDUS (table 1). Synovitis and synovial/tenosynovial vascularity were scored semi-quantitatively (Grades 0-3) by PDUS according to Szkudlarek et al. 7 Synovitis (effusion and synovial hypertrophy) in GSUS was classified semi-quantitatively as described by Scheel et al. 8 Tenosynovitis/paratenonitis as well as erosions in GSUS were registered as being absent (0) or present (1) .
Statistical analysis
Statistical analysis was performed with SPSS statistical software, V.18.0 (SPSS, Chicago, Illinois, USA). For quantitative parameters (eg, age of examined patients and disease duration), the mean±SD and range were used. Because of missing normal distribution (tested by Shapiro Wilk-Test) changes were subjected to the 2-sided exact Wilcoxon's test whereas p values below 0.05 were considered as statistically significant. Correlations between changes of the different examination modalities (eg, DAS28 and US) throughout follow-ups were evaluated by 2-sided exact Spearman's correlation coefficients. For the calculation of predictive values, univariate linear regression analysis was performed.
RESULTS
Characteristics of patients
432 patients with RA (81.0% women) and a mean±SD age of 57±12.8 years (range 17-84) and a mean±SD disease duration of 8.3±8.7 years (range 0.08-58.3) were examined at four visits (baseline, after 3, 6, and 12 months). At inclusion, 70.6% were IgM-RF positive and 66.5% were ACPA positive. 73.2% of the 432 RA patients received a prednisolone equivalent with a mean daily dosage of 8.8 mg per day (table 2) .
US, clinical and laboratory parameters under various therapies over 12 months
In Group 1, the synovitis (GSUS: 9.0 to 4.4; −51.1%; p<0.001 and PDUS 4.0 to 1.3; −67.5%; p<0.001) and tenosynovitis sum scores (GSUS: 1.6 to 0.4; −75%; p<0.001 and PDUS: 1.0 to 0.2; −80% p<0.001) decreased significantly after 12 months of therapy (figures 1 and 2). One example of the reduction of synovitis by GSUS and PDUS in the wrist and finger joint after 3 months is given in figure 3 . The mean DAS28 score declined from 5.0 to 2.9, (−42%) which on average indicates a change from moderate to low disease activity ( p<0.001). ESR (31.1 to 17.2; −44.7%) and CRP (20.5 to 5.6; −72.7%) also fell significantly after 1 year of DMARD therapy ( p<0.001). The erosion sum score remained almost constant with no further progression after a period of 12 months among first-line DMARD therapy (2.8-2.9; p=0.722) (see supplementary table S1).
Group 2 exhibited a significant decrease of the US7 synovitis sum score in GSUS from an average of 7.4 to 6.1 (−17.6%; p=0.001), and in PDUS from 2.6 to 1.2 (−53.8%; p<0.001) table S2 ). In Group 3, 153 patients with RA had received DMARD therapy before they started a biologic. After change of therapy, US7 synovitis sum score in GSUS dropped significantly from 9.9 to 5.6 (−43.4%; p<0.001) as well as in PDUS from 4.3 to 1.4 (−67.4%; p<0.001) after 12 months. In addition, the US7 tenosynovitis sum scores in GSUS (1.7 to 0.5; −70.6%) and PDUS (0.9 to 0.2; −77.8%) decreased significantly ( p<0.001). An example of tenosynovitis reduction after 6 months of biologic therapy is given by figure 4 . Initially, the highest erosion sum scores were detected in patients who changed from conventional DMARD to biologic therapy at baseline. A significant change of the erosion sum score was not evident ( p=1.0). A significant decrease was seen in the development of the laboratory parameters such as ESR ( p<0.001) and CRP ( p<0.001) (see supplementary table S3).
Patients in Group 4 achieved a significant decrease in the US7 synovitis sum score in GSUS from 6.1 to 4.8 (−21.3%; p=0.006) and in PDUS from 2.4 to 1.5 (−37.5%; p=0.005) as well as in the US7 tenosynovitis sum score in GSUS from 1.1 to 0.5 (−54.6%; p=0.003). Additionally, the erosion sum score significantly decreased from 4.3 to 3.6 (−16.3%; p=0.008), when patients received a biologic for more than 12 months. The DAS28 score dropped significantly from moderate to low disease activity (3.8-3.2; p=0.004). No significant reduction was seen in the development of CRP ( p=0.186), ESR ( p=0.152) and the US7 tenosynovitis sum score in PDUS ( p=0.281). This patient group also exhibited the lowest US7 synovitis sum score (GSUS and PDUS) and US7 tenosynovitis/ paratenonitis sum score at baseline examination (see supplementary table S4). Sensitivity to change: longitudinal correlation (1 year observation) between US7 score and clinical/laboratory parameters Group 1 showed a significant correlation between changes in DAS28 and the synovitis sum score in GSUS (r=0.419; p<0.001), PDUS (r=0.459; p<0.001) as well as in the tenosynovitis sum score in PDUS (r=0.316; p=0.001) after 12 months. In this group, the change in ESR after 1 year correlated significantly with the synovitis sum score in PDUS (r=0.335; p<0.001) after 12 months of DMARDs therapy. In Group 2, significant correlations were observed between changes in DAS28 and the synovitis sum score in GSUS after 1 year (r=0.257; p=0.008) as well as between ESR and the synovitis sum score in PDUS (r=0.283; p=0.007).
Group 3 presented a significant correlation between changes in ESR and the synovitis sum score in GSUS (r=0.207; p=0.011) and PDUS (r=0.179; p=0.032) after 12 months. A decrease in CRP correlated significantly with changes in the synovitis sum score in PDUS (r=0.312; p<0.001) and the tenosynovitis score in PDUS (r=0.232; p=0.042) after 1 year.
Patients of Group 4 did not show a significant correlation between clinical/laboratory parameters and all components of the US7 score after 1 year.
Predictors for erosions detected by the US7 erosion sum score after 1 year Predictors of development of erosions detecting with the US7 erosion sum score after 1 year of monitored therapy were US7 Figure 2 Erosion sum score, DAS28, C reactive protein, and erythrocyte sedimentation rate in comparison of the four treatment groups over 12 months. This figure is only reproduced in colour in the online version. Figure 3 Grey-scale ultrasound and power Doppler ultrasound synovitis of the hand of a 27 years old active rheumatoid arthritis patient before and after 3 months after initiation of methotrexate. This figure is only reproduced in colour in the online version.
synovitis sum score and US7 erosion sum score in GSUS, as well as DAS28 at baseline (table 3) . Neither laboratory data (ESR, CRP; IgM-RF; ACPA) nor the US7 synovitis score in PDUS, and US7 tenosynovitis/paratenonitis scores in GSUS, and PDUS were able to significantly reflect the development of erosions in US. Two examples of erosions dependent on disease duration are given by figure 5.
DISCUSSION
The aim of the present study was to determine the sensitivity to change of the US7 score in a large cohort of patients with RA under various (DMARDs and/or biologic) therapies over a 1 year period. Furthermore, US7 score results were compared with clinical and laboratory parameters at each time of assessment as well as predictors for erosions were estimated.
It presented a unique nationwide project including 54 rheumatologic centres which monitored a large number of RA patients under everyday life conditions which also reflects the feasibility of the US7 score. The correlation between clinical findings (DAS28) and laboratory findings (ESR, CRP) and components of the US7 score shows the ability to reflect disease activity. Not only synovitis, but also tenosynovitis plays an important role in the beginning of the inflammatory process of RA. The highest US7 tenosynovitis score in PDUS was seen in group 1 at baseline, the group with the shortest disease duration of 5.3 years in comparison with the other treatment groups.
Patients in Group 3, who received a biologic for the first time after DMARD therapy, had the highest DAS28 at baseline with the highest proportion of IgM-RF positive patients, indicating the necessity of treatment change. US detected the highest US7 scores for synovitis and tenosynovitis in GSUS and PDUS, which significantly decreased after 12 months, and therefore reflect a good treatment response. The erosion sum score was also stable over this period.
Group 4 was the only one, in which erosions decreased significantly after 1 year. This is a quite remarkable effect, but may lead to controversial discussions. The question is whether massive bone destruction is capable of vanishing or healing. Another indication that there is a kind of 'healing effect' has Figure 4 Grey-scale ultrasound tenosynovitis* of a 75 year old active rheumatoid arthritis patient before and after 6 months after initiation of biologic therapy. ECU, extensor carpi ulnaris tendon.
already been discussed for radiographic erosions 9 as well as in a recent study conducted by Finzel et al, 10 where 30 RA patients were treated with either tumour necrosis factor alpha inhibitors (TNFαi) or methotrexate. The development of bone erosions was observed using micro CT imaging. After 1 year, patients on TNFαi showed partial recovery in terms of a decrease in the mean depth of erosions while the mean width remained the same. In contrast, patients taking only methotrexate demonstrated an increase in the main depth and width of the erosions. 10 With micro CT imaging being comparable with high-resolutionUS, 11 US is also able to detect limited recovery of erosions in patients who were treated with biologics.
Studies monitoring DMARD versus biologic therapies observed a discrepancy between clinical findings and structural damage. Only within biologic treatment groups, the structural damage stopped significantly in comparison with the DMARD groups. [12] [13] [14] Patients in Group 4 had the lowest DAS28 score and the lowest synovitis sum scores (GSUS and PDUS) at baseline examination in comparison with the other treatment groups. This might be another reason why only this group showed a significant decrease in erosions. With the decrease of synovitis, a so-called 'acoustic stand-off ' is missing, which actually would enable a better-visualised bone surface. Therefore, it might be possible to detect less bone erosions, which pretends to be a sort of healing effect of erosions. Nevertheless, larger studies are necessary to prove the matter of bone healing under a long period of biologic treatment in US.
In distinguishing early bone erosions US is comparable with MRI with a proven overall sensitivity of 0.63 and specificity of 0.98, as well as substantial agreement (κ=0.68, p<0.001). 15 Therefore, sensitive imaging techniques such as US and MRI are required for the early detection of erosions. Furthermore, what are predictors for the development of bone erosions? High US7 synovitis sum score and US7 erosion sum score in GSUS as well as high DAS28 scores at baseline are predictors of development of erosions seen in US after 12 months. Hypervascular synovitis seen in PDUS is able to reflect radiographic damage as well as further ACR criteria such as DAS28. 16 A study by Bukhari et al reported that a high RF titre is an essential variable in forecasting radiographic damage during the first 5 years after presenting with inflammatory polyarthritis. 17 This could not be found for US detecting erosions.
Groups 1 and 3 were the groups with the highest disease activity scores at baseline. Patients on first-line DMARDs dropped to mild disease activity after 12 months (DAS28 2.9) while patients with first-line biologics had a moderate disease activity score (DAS28 3.6) after 1 year. However, it is possible that DAS28 is not able to reflect disease activity sufficiently. Subclinical activity might be better detected by US, especially in PD mode. Nevertheless, the question remains whether distinguishing between physiological and pathological vascularity with the help of modern high-definition US imaging techniques is necessary. PDUS is a useful method in differentiating between active and inactive synovitis. 18 GSUS can be seen as damage in the US score, while PDUS is able to disclose subclinical activity. Patients with clinical remission with a DAS28<2.6 and a positive PD signal of the wrist (dorsal aspect) were more likely to experience a flare of RA in the following year than patients with a negative PD signal. Therefore, PDUS is able to predict RA relapse within a period of 12 months. 19 In order to test the US scoring set for sensitivity to change under different kind of treatments according to the OMERACT filter, correlations were performed between different variables such as CRP, ESR, DAS28 at each visit and each US subdomain (synovitis and tenosynovitis in GSUS and PDUS, and erosions in GSUS). Longitudinal correlations between the US7 score and clinical parameters were detected between DAS28 and synovitis in GSUS in Group 1 and 2 and between DAS28 and synovitis in PDUS in Group 1, comparable with earlier US7 score results. 20 Furthermore, ESR correlated with the synovitis sum score in PDUS quite often, that is, there was a significant correlation in Figure 5 Bone erosions at 2nd metacarpophalangeal-and 5th metatarsophalangeal-joints.
Group 1, Group 2, and Group 3. Group 3, which included patients with first-line biologics also showed a significant correlation between ESR and the synovitis sum score in GSUS. Therefore, the US7 synovitis sum score is sensitive to change.
Limitations of the study are the use of different US devices. Group 4 (change to a second-line biologic) was the smallest group and had the lowest DAS28 in comparison with the other groups. This group was the only group with significant reduction of erosion score over 12 months. Another limitation is the missing of x-ray control of hands and feet for detection of erosive progress in this group.
Nevertheless, the feasibility and sensitivity to change of the US7 score under various therapies in a large RA cohort over 12 months period could be well proven.
In conclusion, the novel US7 score provides evidence of therapeutic response. It has already been proven that reduced US scoring systems are able to produce such high correspondence as 78-joint US scores. 21 The correlation of the US7 score data with clinical and laboratory data indicates its ability to reflect therapeutic response to different therapeutic regimens (DMARD and/or biologics). Patients who switched from one biologic to another achieved a significant decrease in the US erosion sum score after 12 months, while the erosion scores of the other treatment groups were stable over the 12 months period.
